In Brief
In mammals, hunger causes a reduction in body temperature. Umezaki et al. demonstrate in Drosophila that starvation results in a lower preferred temperature, which parallels the reduction in body temperature in mammals. The data suggest that internal nutrient conditions dramatically influence the body temperature of both flies and mammals.
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SUMMARY
Starvation is life-threatening and therefore strongly modulates many aspects of animal behavior and physiology [1] . In mammals, hunger causes a reduction in body temperature and metabolism [2] , resulting in conservation of energy for survival. However, the molecular basis of the modulation of thermoregulation by starvation remains largely unclear. Whereas mammals control their body temperature internally, small ectotherms, such as Drosophila, set their body temperature by selecting an ideal environmental temperature through temperature preference behaviors [3, 4] . Here, we demonstrate in Drosophila that starvation results in a lower preferred temperature, which parallels the reduction in body temperature in mammals. The insulin/insulin-like growth factor (IGF) signaling (IIS) pathway is involved in starvation-induced behaviors and physiology and is well conserved in vertebrates and invertebrates [5] [6] [7] . We show that insulin-like peptide 6 (Ilp6) in the fat body (fly liver and adipose tissues) is responsible for the starvation-induced reduction in preferred temperature (T p ). Temperature preference behavior is controlled by the anterior cells (ACs), which respond to warm temperatures via transient receptor potential A1 (TrpA1) [4] . We demonstrate that starvation decreases the responding temperature of ACs via insulin signaling, resulting in a lower T p than in nutrient-rich conditions. Thus, we show that hunger information is conveyed from fat tissues via Ilp6 and influences the sensitivity of warm-sensing neurons in the brain, resulting in a lower temperature set point. Because starvation commonly results in a lower body temperature in both flies and mammals, we propose that insulin signaling is an ancient mediator of starvation-induced thermoregulation.
RESULTS
Starvation Reduces the Preferred Temperature in Drosophila
Due to the low mass of small ectotherms, their body temperatures are nearly equivalent to the surrounding temperature [8, 9] . Small ectotherms, such as Drosophila, avoid harmful temperatures and select appropriate surrounding temperatures to set their body temperature [3, 4, 10] . This behavior, referred to as temperature preference behavior, was examined using a gradient of temperatures ranging from 18 C to 32 C [4] . To evaluate the effect of starvation on the preferred temperature (T p ), and tested for their temperature preference behavior ( Figure 1A ). Whereas the normally fed flies preferred a temperature of $25 C ( Figure 1B , fed, white box), the flies that were starved overnight preferred an $1.8 C lower temperature ( Figure 1B , starved overnight [Stv 1 O/N], gray box). This reduction in T p was confirmed in another independent line, yellow white (yw), which preferred an $1.2 C lower temperature after overnight starvation ( Figure S1A ). Thus, we determined that starvation dramatically reduces T p .
Longer starvation causes a lower body temperature in mammals [2] ; we assessed the relationship between the length of starvation and T p . We found that flies that were starved for 42-45 hr (over two nights) preferred an $3 C lower temperature than normally fed flies (Figures 1A and 1B, Stv 2 O/N, green box) and an $1.2 C lower temperature than the flies that were starved overnight. Therefore, we concluded that starvation dramatically reduces T p depending on the duration of starvation.
Refeeding Results in Recovery of the StarvationInduced Reduction in T p Whereas starvation reduces body temperature, refeeding after starvation results in recovery of body temperature in mammals, reaching a similar range to that of normally fed mammals [2] . Therefore, we performed a refeeding test in which the flies were starved for 24 hr and subsequently refed normal fly food overnight ( Figure 1A ). We found that the refed flies preferred a temperature similar to that of normally fed flies ( Figure 1B , refed, purple box), suggesting that food intake is critical for the modulation of the T p .
Because normal fly food contains a variety of nutrients, including sugar, we asked whether sugar was important for this recovery. To investigate the sugar dependency of the observed effect, we used several sugar solutions and performed refeeding tests. The flies were starved for 24 hr and subsequently refed several sugar solutions overnight ( Figure 1A ). We found that the flies that were refed glucose, fructose, or sucrose preferred a similar temperature to that of the normally fed flies, but the flies that were refed lactose still preferred a lower temperature ( Figure 1C) . Notably, flies are not able to detect or digest lactose as a sugar nutrient [11, 12] . Therefore, these data suggest that dietary sugar alone is sufficient for the recovery of the starvation-induced reduction in T p .
Ilp6 in the Fat Body Is Necessary and Sufficient for the Starvation-Induced Reduction in T p
The insulin/insulin-like growth factor (IGF) signaling (IIS) pathway is involved in starvation-induced behavior and physiology [5] [6] [7] . In flies, there are eight insulin-like peptides (Ilps) that are expressed in various neurons and organs, and each Ilp has several physiological functions, including the regulation of growth rates, sleep, body size, and lifespan [13, 14] . First, we asked whether Ilps are involved in the starvation-induced reduction in T p and compared T p between fed and starved conditions using ilp1-ilp7 null mutant flies [15] . We found that ilp1-ilp5 and ilp7 single mutants and a triple mutant (ilp2-3,5
) showed a starvation-induced reduction in T p ( Figure S2A ). Thus, Ilp1-Ilp5 and Ilp7 are not required for the starvation-induced reduction in T p .
On the other hand, we found that starved ilp6 mutant flies (ilp6 loss-of-function [ilp6 LOF] and ilp6 null mutants) [15, 16] preferred a temperature similar to that of the fed flies ( Figures   2A and 2B ). Ilp6 is secreted from the fat body and glial cells [17] [18] [19] [20] and is known to be upregulated in the fat body in starved larvae [16] and starved adult flies [21] . Therefore, we sought to determine whether Ilp6 in the fat body is required for the starvation-induced reduction in T p ( Figures 2C and 2D) . We found that the T p of flies subjected to RNAi knockdown of ilp6 in the fat body using fat body-specific Gal4s (3.1Lsp2-Gal4 or Cg-Gal4) [22, 23] was similar in fed and starved conditions, suggesting that Ilp6 in the fat body is necessary for the starvation-induced reduction in T p . Furthermore, to examine whether ilp6 expression in the fat body is sufficient for the starvation-induced reduction in T p , ilp6 was expressed in the fat body using Cg-Gal4 in ilp6 mutants. We found that ilp6 expression in the fat body restored the starvation-induced reduction in T p (Figures 2A and 2B) . Thus, we conclude that Ilp6 in the fat body is necessary and sufficient for the starvation-induced reduction in T p .
Notably, because Ilp6 is not the only signal which regulates the internal nutritional conditions [7] , we also focused on the leptin ortholog unpaired 2 (Upd2) and adipokinetic hormone (AKH) (Figures S3A and S3B ). However, our data suggest that neither Upd2 nor AKH is involved in the starvation-induced reduction in T p .
ACs Are Responsible for the Starvation-Induced Reduction in T p Temperature preference behavior is controlled by the anterior cells (ACs) [4] , which are located near the brain surface, where the antennal nerves enter the brain and respond to warm temperatures >$25 C via Transient receptor potential A1 (TrpA1) [4, 24] . The strong loss-of-function mutant TrpA1 ins cannot avoid from warm temperature, resulting in a preference for a warmer temperature ($29 C) [4] . To confirm the importance of ACs in (C) Comparison of T p among flies that were normally fed (white box), starved overnight (gray box), refed with normal food (red box), and refed with the following sugar solutions: glucose, 1% glucose (orange box); sucrose, 1% sucrose (yellow box); fructose, 1% fructose (green box); and lactose, 1% lactose (blue box). The behavioral experiments were performed at ZT 1-3. The plotting pattern is the same as in Figure 1B . One-way ANOVA and post hoc Dunnett's test were performed to compare T p under each condition to starved conditions (gray box). *p < 0.05. **p < 0.01. ***p < 0.001. NS indicates no significance. See also Figure S1 and Table S2. temperature preference behavior, TrpA1-cDNA was expressed in ACs using TrpA1 SH -Gal4 (an AC driver) [4] . We found that the normal temperature preference phenotype ($24 C) was restored in the flies ( Figure S4A ), suggesting that TrpA1 in ACs is sufficient for controlling temperature preference behavior. Therefore, these data, together with the previous data [4] , indicate that ACs are key neurons regulating temperature preference behavior.
To examine whether ACs are important for the starvationinduced reduction in T p , we inhibited the activity of ACs using the inwardly rectifying potassium channel (Kir2.1) and compared the T p of these flies in fed and starved conditions. We found that the T p of flies in which AC activity was inhibited (TrpA1G4 > Kir) was similar in both fed and starved conditions ( Figure 3A ), suggesting that ACs are required for the starvation-induced reduction in T p .
Furthermore, because temperature preference behavior is mediated not only by warm-sensing pathways but also by cold-sensing pathways [4, 25] , cold-sensing neurons might also play a role in the starvation-induced reduction in T p . To examine this possibility, we inhibited cold-sensing neurons with Kir2.1 using R11F02-Gal4 (a cold neuron driver; Figures  S4B and S4C ). R11F02-Gal4 is expressed in dorsal organ cool cells, which respond to decreases in temperatures in larvae [26, 27] . We found that R11F02-Gal4 cold-sensing neurons are also required for the cold avoidance phenotype in adults (Figure S4B ). However, fed and starved flies in which the R11F02-Gal4 neurons were inhibited were still capable of preferring different temperatures ( Figure S4C ), suggesting that R11F02-Gal4 cold-sensing neurons are not required for the regulation of the starvation-induced reduction in T p . Together, these data suggest that ACs, but not R11F02-Gal4 cold-sensing neurons, are required for the starvation-induced reduction in T p .
IIS in ACs Is Necessary for the Starvation-Induced Reduction in T p
Because we showed that Ilp6 in the fat body was responsible for the starvation-induced reduction in T p ( Figure 2 ) and that ACs were required for this reduction ( Figure 3A ), we further asked whether the receptor for Ilp6, the insulin-like receptor (InR), in ACs is involved in regulating the starvation-induced reduction in T p . First, we performed RNAi knockdown of InR in ACs using TrpA1 SH -Gal4 and another AC-specific Gal4 line, NP0002-Gal4
( Figures 3B and 3C ) [28] . To ensure the phenotype, we used two independent RNAi lines whose targets are different regions of InR mRNA. We found that the T p of flies subjected to RNAi knockdown of InR in ACs was similar in fed and starved conditions ( Figure 3D ), indicating that InR in ACs is required for the starvation-induced reduction in T p . Next, we asked whether IIS in ACs is important for the starvation-induced reduction in T p ( Figure 3L ). We focused on components of IIS: insulin receptor substrate (IRS) (referred to as Chico); phosphatidylinositol 3-kinase (PI3K) (referred to as p110/p60); and phosphatase and tensin homolog (PTEN) ( Figures 3E-3K ). We found that the T p of flies subjected to RNAi knockdown of chico, p60, or Pten in ACs was similar in fed and starved conditions and that the T p of flies expressing a dominant-negative form (p110-DN) or a constitutive-active form (p110-CA) of p110 in ACs was similar in fed and starved conditions ( Figures 3E-3K ). However, control flies (TrpA1 SH -Gal4/+, uas-p110-DN/+, uas-p110-CA/+, and each UAS-RNAi fly line) exhibited the starvation-induced reduction in T p . Thus, these data suggest that IIS in ACs plays an important role in the starvation-induced reduction in T p .
Starvation Causes ACs to Respond to Lower Temperatures
Because starvation modulates olfactory neurons or secondary taste neurons [29] [30] [31] , we reasoned that starvation might cause a reduction in the responding temperature of ACs, resulting in a lower T p . To investigate this possibility, a calcium indicator, GCaMP3.0 [32, 33] Figure S2B . (B) yw (control), ilp6 null, and ilp6 null rescue (ilp6 null; Cg-Gal4/uas-ilp6) flies, in which ilp6 is expressed in the fat body using Cg-Gal4 in the ilp6 null mutant background. In the fed condition, the T p of both ilp6 LOF and ilp6 null flies was lower than that of yw flies; however, it did not differ from that of the rescued flies (Table S1 ). (DF/F) in ACs peaked at 24.5 C in the normally fed flies ( Figures  4A and 4G) , it peaked at a temperature $2 C lower in the starved flies ( Figures 4B and 4G) . However, the amplitude of GCaMP fluorescence (DF/F) at the peak points was not different between the fed and starved flies ( Figure 4H ). Therefore, these data suggest that starvation lowers the responding temperature of ACs but does not cause a change in the intensity of the Ca 2+ influx.
Because the activity of TrpA1 has recently been suggested to depend on the rate of the temperature increase (dT/dt) [35] , we also assessed the rates of the temperature increase and confirmed that they were consistent between fed and starved flies ( Figure 4I ). The data suggest that starvation causes ACs to respond to lower temperatures.
IIS Modulates the Responding Temperature of ACs upon Starvation
Given that Ilp6 in the fat body is important for the starvationinduced reduction in T p (Figure 2 ), Ilp6 might influence the responding temperatures of ACs upon starvation. To examine this possibility, we compared the temperature at which ACs exhibited peak for GCaMP fluorescence in ilp6 LOF and ilp6 null mutants in fed and starved conditions. We found that in the ilp6 mutants, the responding temperatures of the ACs were similar between fed and starved conditions ( Figures 4C-4G ).
Neither the fluorescence intensity ( Figure 4H ) nor the rate of temperature increase ( Figure 4I ) in the flies was significantly different. The data indicate that Ilp6 is necessary for the starvation-induced temperature response in ACs. We further used a PI3K inhibitor, wortmannin ( Figure 4O ) [34] . Because starvation modulates IIS, we reasoned that inhibition of IIS by wortmannin might prevent the change in AC temperature sensitivity upon starvation. When the flies were starved and provided only with water, the responding temperature of the ACs was $22.5 C (Figures 4B, 4G , and 4L). However, when the flies were starved but provided with both water and wortmannin ( Figure 4J ), the responding temperature of the ACs increased to $24.5 C (Figures 4K and 4L) . The data suggest that inhibition of IIS prevents the change in AC temperature sensitivity upon starvation. Again, neither the fluorescence intensity ( Figure 4M ) nor the rate of temperature increase ( Figure 4N ) in the flies was significantly different. Therefore, our data suggest that IIS is important for modulating the temperature response of ACs upon starvation.
DISCUSSION
Here, we first demonstrated that starvation causes a reduction in T p in Drosophila that parallels starvation-induced hypothermia in mammals, suggesting that internal nutrient conditions dramatically influence the body temperature of both flies and mammals.
How Is Ilp6 Distinguished from Other Ilps in the Regulation of the Starvation-Induced Reduction in T p ? Our data suggest that Ilp6 is responsible for conveying hunger information to ACs. That said, there are other Ilps that can activate InR, and how Ilp6 is distinguished from other Ilps and regulates the starvation-induced reduction in T p is therefore a mystery. Ilp2 is the major Ilp, and its expression level accounts for 80% of all ilps expression in the head [36] . In nutrient-poor conditions, ilp2, ilp3, and ilp5 expression either shows no change or is downregulated [18, [37] [38] [39] , whereas ilp6 mRNA in the fat body is upregulated. Overexpressing ilp6 in the fat body causes lower expression of ilp2 mRNA and ilp5 mRNA in the brain [21] . Interestingly, in the ilp2, ilp3, ilp5 triple mutant, ilp6 mRNA in the body is upregulated [15] . Therefore, although it is still unclear how increasing Ilp6 can affect insulin signaling in ACs, we speculate that the higher expression level of ilp6 might be important in the control of the starvation-induced reduction in T p .
Given that starvation modulates olfactory and gustatory behaviors via olfactory neurons and secondary taste neurons [29] [30] [31] and that InR is involved in the starvation-dependent modulation of the olfactory neurons [29] , it is of interest to investigate whether Ilp6 is also involved in the starvation-dependent modulation of olfactory or taste behavior. Further characterization of the function of Ilp6 in different sensory systems will shed a new light on how and whether the Ilps-InR system contributes to starvation-dependent sensory modulation. [34] . Starvation causes an increase in ilp6 expression in the fat body [21] . See also Table S2 . not only in many cellular processes, such as membrane trafficking, the membrane/cytoskeletal interface, and cell signaling, but also in modulating several K + and Ca 2+ channels [40] , including mammalian TrpA1 or TrpV1 channels [41] [42] [43] . Therefore, the pathways downstream of IIS might change the responding temperature of TrpA1 in ACs under starvation ( Figure 4O ). It is important to note that, in the fed condition, when InR, PI3K (p110 or p60) were constitutively inhibited, actual T p was lower than in control flies (Gal4 or UAS controls; Figures 3B, 3G , and 3I; Table S1 ). However, in the rest of the data ( Figures 3C-3F, 3H , 3J, and 3K), IIS manipulation did not change the actual T p , although the differential T p between fed and starved flies was blunted. Therefore, the actual T p regulation is unlikely controlled by the same pathway that regulates starvation-induced reduction in T p . Additionally, changes in PIP2 and PIP3 levels might not be the only causes of the starvation-induced reduction in T p . Several reports have shown that Ca 2+ cations, calmodulin, and calmodulin kinases also modulate TRP channel activity [44, 45] . Therefore, the variation of Ca 2+ levels in ACs might modulate the responding temperature under starved conditions. It is still unclear how starvation changes the temperature response in ACs; the second messengers in the IIS pathway and Ca 2+ levels are two potential mechanisms that may be responsible for the starvation-induced reduction in T p .
T p Might Be Modulated by Different Diets or Sensory Cues
We showed that sugar is one of the critical nutrients for the starvation-induced reduction in T p . However, because fly food also contains proteins and other nutrients, sugar may not be the only nutrient that contributes to the modulation of T p . In fact, as a recent paper suggests, the activation of neural circuits controlling protein hunger inhibits sugar consumption [46] . Hence, dietary proteins may also directly or indirectly influence the starvation-induced reduction in T p .
Metabolism is associated with numerous physiological responses, including the regulation of body temperature, and starved flies have been shown to prefer ''nutritive'' sugar over non-nutritive sugar [47] . Therefore, it was reasonable to find that the starvation-induced reduction in T p was restored in flies that consumed nutritive sugar ( Figure 1C) . However, emerging evidence suggests that non-nutritive sugar intake can also influence several behavioral phenotypes [48, 49] . Therefore, it is of interest to examine whether non-nutritive sugar intake modulates T p . In this case, olfactory or gustatory cues likely influence these behaviors. Elucidation of the underlying mechanisms will be important for understating diet-or sensory-dependent thermoregulation.
Starvation Does Not Disrupt the Fluctuation of T p during the Day T p fluctuates over the course of the day, which is controlled by the circadian clock [50] . T p increases during the daytime and decreases at night, and this phenotype is referred to as temperature preference rhythm (TPR), which is a similar phenomenon to mammalian body temperature rhythm (BTR) [50] . We found that a rhythmic T p was sustained in starved w 1118 flies ( Figure S1B ) and ilp6 mutant flies ( Figure S2B ), indicating that starvation does not disrupt the rhythmic T p . Interestingly, starvation also does not disrupt the mammal BTR [2] . Thus, circadian oscillation is too robust to be disrupted by the feeding state in both mammals and flies.
Reduction of Body Temperature Is a Strategy for Survival in a Nutrient-Scarce Environment Under nutrient-poor conditions, animals need to save their energy by adjusting their behaviors and physiology for survival. In mammals, starvation dramatically lowers metabolism and body temperature [1, 2] . Although body temperature is controlled differently in mammals and flies, starvation-induced hypothermia appears to be a common feature. Given that the metabolic rate of flies is lower at 18 C than at 25 C and the surrounding temperature strongly influences the metabolic rate [51, 52] , a lower T p could also cause a reduction in metabolic rates. Several studies show that starvation causes a lower T p in ectotherms, such as mosquitoes, cockroaches, and rainbow trout [10] . Therefore, a starvation-induced reduction in body temperature may be a survival strategy in both ectotherms and endotherms when there is a food shortage.
Interestingly, it has recently been shown in mice that the IGF1 receptor in the CNS is involved in the regulation of body temperature under caloric restriction [53] . Given that Drosophila Ilp6 is functionally and structurally similar to IGFs [16, 18] , the mechanism underlying the starvation-induced reduction in body temperature may be evolutionarily conserved in these animal species.
STAR+METHODS
Detailed methods are provided in the online version of this paper and include the following: 
CONTACT FOR REAGENT AND RESOURCE SHARING
Further information and requests for resources and reagents should be directed to and will be fulfilled by the Lead Contact, Fumika N. Hamada (fumika.hamada@cchmc.org).
EXPERIMENTAL MODEL AND SUBJECT DETAILS
All flies were raised under a 12 h-light/12 h-dark (LD) cycle at 25 C in an incubator (DRoS33SD, Powers Scientific Inc.) with an electric timer. w 1118 and yellow white (yw) flies were used as control flies. 3.1Lsp2-Gal4 was provided by Dr. Brigitte Dauwalder [23] . yw; uas-ilp6 (II) was provided by Dr. Ernst Hafen [37] . TrpA1 SH -Gal4 and TrpA1 ins were provided by Dr. Paul A. Garrity [4] .
NP0002-Gal4 was provided by Kyoto DGRC [28] . Other flies were provided by the Bloomington Drosophila fly stock center. The information for all fly lines is described in the Key Resources Table. METHOD DETAILS Temperature preference behavioral assay The temperature preference behavioral assays were examined using a gradient of temperatures, ranging from 18-32 C and were performed for 30 min in an environmental room maintained at 25 C/65%-70% RH [55] . A total of 30-40 flies were used for one trial, and the flies were never reused. The one exception was that 50-60 flies were used for the experiments using ilp2-3,5 À/À triple mutant flies, due to their small body size, they often climbed on the wall and ceiling, which resulted in fewer flies in the arena. Control and experimental trials were performed in parallel or independently. The behavioral assays were performed at Zeitgeber time (ZT) 4-7 (Light on is defined as ZT0), and starvation was initiated at ZT 10 (starved for 18-21 hr), except in Figure 1C , where the behavioral assays were performed during ZT 1-3, and starvation was initiated at ZT 8 (starved for 18-20 hr). The flies were reared on our normal fly food, with the following composition per 1 L of food: 6.0 g sucrose, 7.3 g agar, 44.6 g cornmeal, 22.3 g yeast and 16.3 mL molasses. For the starvation assays, the collected flies were maintained in plastic vials with 3 mL of distilled water, absorbed by a Kimwipe. Fly brains were dissected in oxygenized modified solution F (5 mM HEPES, 115 mM NaCl, 5 mM KCl, 6 mM CaCl 2 , 1 mM MgCl 2 , 4 mM NaHCO 3 , 5 mM trehalose, 10 mM glucose, 65 mM sucrose, pH 7.5) [56] . This solution was also utilized as the bath solution. A platinum-wired holder held the dissected brain in the bath [57] . The prepared brain samples, together with the holder, were mounted on a laminar flow perfusion chamber beneath the 3 40 water immersion objective of a fixed-stage upright microscope (Zeiss Axio Examiner. Z1). For better accessibility, the brain was placed face up to acquire AC signals. The fluorescence signal was continuously monitored for at least 40 s.
GCaMP imaging
Optical images of the preparation were acquired using a digital CCD camera (C10600-10B-H; Hamamatsu) with a 512 3 512-pixel resolution. The data from each image were digitized and analyzed using AxonVision 4.9.1 (Zeiss).
Pharmacology
Wortmannin (LC Laboratories, Woburn, MA) was dissolved in dimethyl sulfoxide (DMSO) (Sigma) at a 10 mM stock concentration [58] . Flies were fed 996 mL of distilled water plus 4 mL of wortmannin solution (final concentration, 40 mM) for 18-21 hr at night (overnight), which was the same as the duration of starvation, and were then used for Ca 2+ imaging assays.
QUANTIFICATION AND STATISTICAL ANALYSIS
Temperature preference behavior data analysis After the 30-min behavioral assay, the number of flies whose bodies were completely located on the apparatus were counted. Flies whose bodies were partially or completely located on the walls of the apparatus cover were not included in the data analysis. The percentage of flies within each one-degree temperature interval on the apparatus was calculated by dividing the number of flies within each one-degree interval by the total number of flies on the apparatus. The location of each one-degree interval was determined by measuring the temperature at 6 different points on the bottom of the apparatus. Data points were plotted as the percentage of flies within a one-degree temperature interval. The weighted mean of T p was calculated by totaling the product of the percentage of flies within a one-degree temperature interval and the corresponding temperature (e.g., fractional number of flies x 17.5 C + fractional number of flies x 19.5 C +... fractional number of flies x 32.5 C). If the SEM of the averaged T p was not < 0.3 after the five trials, we performed additional trials until the SEM reached < 0.3.
GCaMP imaging data analaysis
The mean fluorescence intensity of the monitored neuron was calculated for each frame. Concurrently, the background fluorescence (calculated from the average fluorescence of at least two chosen non-GCaMP-expressing areas) was subtracted from the mean fluorescence intensity of the regions of interest for each frame. Background-subtracted values were then expressed as the percentage DF/F, where F is the mean fluorescence intensity before activation.
Statistical analysis
All statistical analyses were performed using GraphPad Prism (Ver. 7.02) and Microsoft Excel. The Shapiro-Wilk test was employed to test normality (a = 0.05). The t test was used to compare mean values. Kruskal-Wallis test and the post hoc test (Dunn's test) were employed to compare multiple groups as a non-parametric test. One-way ANOVA and post hoc tests (Tukey-Kramer and Dunnett's tests) were used to compare multiple groups.
